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[0001] The present invention relates to a neutral 
data computer control system for a machine tool with a 
computer system, a computer program and computer 
program products, and also an associated machine tool. 

[0002] Against the background of increasingly 
interlinked production processes and their 

standardization in the industry, the problem that is 
nowadays the prime concern in the production of machine 
tools is that of also incorporating in this process the 
computer systems that are necessary for activating the 
machine tools. In this respect, one aim is to provide, 
to the extent technically possible, standardized 
machine control systems, offering the user greatest 
possible uniformity of the machine control parameters 
for the products from his range of workpieces - for 
instance when changing an actual machine type or else 
for improved data storage and archiving. 

[0003] Such initiatives have already been pursued 

for some time for various types of machine tool, 
including for instance for bevel gear cutting machines, 
which are the focus of attention here. 

[0004] For bevel gear cutting machines there are for 

instance solutions to this in which the relevant 
machine control parameters of an entire machine family 
are combined in a standardized data model with all the 
axes to be activated that come into consideration in 
the machine family, which then, in individual cases, is 
replicated on the respective machine actually concerned 
- to the extent to which this is possible - that is to 
say the axes activated by the machine control 
parameters are also actually present. 

[0005] For gear cutting machines for the form 

milling or grinding of workpieces having a helicoidal 
generated surface, that is to say in particular spur 
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gears, worms and rotors, such a system does not exist 
as yet - although it would of course also be desirable 
here for the reasons stated above. 

[0006] The reason for this lies in a particular 

technical difficulty that has to be overcome in the 
form grinding of these workpieces: multiaxis 
positioning systems, as are also required by machine 
tools, need synchronization of the individual movements 
with one another, so that a defined curve is followed 
in three-dimensional space. This is achieved by one of 
the axes serving not only for its own positioning but 
also as a guiding axis for the synchronization of the 
other axes to be positioned. 

[0007] Such a method according to the prior art can 
be found for instance in EP 0 784 525, which relates to 
a method of producing tooth flank modifications on 
bevel gears. The relevant axes are activated 

preferably by means of a polynomial function of the 
form 

m - „ + ♦ ♦ * 

where f (9) is the positioning function for the 
respective axis to be activated in dependence on the 
movement of the guiding axis 0. The coefficients ao, 
ai, a.2, a3 and a$ serve in this case as further 
parameters of the position control of the respective 
axis activated by the function f (9) . 

[0008] According to the prior art, one of the 
mechanical axes of the machine tool to be activated 
always serves in this case as the guiding axis. In the 
case of bevel gear cutting machines, which operate by 
the generating method and therefore have a cradle, as 
also in the case of EP 0 784 525, usually this cradle, 
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which is always necessary, is used as the guiding axis; 
consequently, its generating movement is used as a 
guiding movement for the synchronization of the 
movements of the other axes. In this way there always 
exists - even irrespective of the further actual 
configuration of the respective machine type - a 
machine axis which, as a result of the generating 
process, can be used in a standard way as a guiding 
axis . 

[0009] For form grinding machines on the other hand, 

which have no cradle or comparable axis, the problem of 
suitably choosing such a standardized guiding axis, or 
the question of possibly doing without it, immediately 
arises when attempting to standardize the machine 
control parameters for different machine types. 

[0010] It is of course also possible here in 

principle to do without such a standard guiding axis 
and instead to specify the axis respectively used in 
the individual case as the guiding axis in the machine 
control parameters. Creating such a possibility can 
already lead to a certain standardization of the 
machine control parameters. Nevertheless, this is 
unsatisfactory, since, when changing a machine type to 
a machine which does not have the selected guiding 
axis, there is not only the problem of creating new 
machine control parameters for the guiding axis but 
also, on account of the dependencies described above of 
the other axes on the guiding axis, always the 
immediate requirement of generating new machine control 
parameters for all the other axes that are dependent on 
the guiding axis. If, on the other hand, there is no 
other axis present as the guiding axis, it can be 
attempted to achieve its positioning result on the 
workpiece by other further axes that are instead 
present on the new machine type being activated by 
machine control parameters in a corresponding way, the 
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other axes with their respective machine control 
parameters remaining unaffected. 

[0011] Thus, for instance, an absent positionable 
pivoting axis for the pivoting of the workpiece and 
tool with respect to each other by means of a rotation 
of the tool axis in the vertical can be replaced by a 
pivoting axis for the pivoting of the workpiece and the 
tool with respect to each other by means of a rotation 
of the workpiece axis in the horizontal, without the 
machine control parameters for instance of a radial 
infeed axis or a positionable rotating axis of a 
clamping head for the rotation of the workpiece in the 
workpiece holder being affected. 

[0012] A precondition for this, however, is that a 
guiding axis that is standard for the entire control 
concept of all machine types coming into consideration 
can be specified. This condition is not met in the 
case of form grinding machines, as already stated 
above, if only because here - by contrast with machines 
which operate on the basis of a generating method - 
there is no generating movement that is always 
necessary and always able to serve as a guiding 
movement . 

[0013] It is therefore the object of the present 

invention to provide a computer control system for a 
machine tool for producing workpieces having a 
helicoidal generated surface which allows the use of 
the respective machine control parameters for different 
machine types with different activatable axes in such a 
way that, when changing the machine to be activated, as 
few machine control parameters as possible - within the 
limits of geometrical possibility - have to be newly 
formed for activating the axes. 
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[0014] This is achieved by a multiaxis machine tool 
for producing workpieces with a helicoidal generated 
surface which has a workpiece holder for receiving a 
workpiece, a tool, activatable mechanical axes for 
machining the workpiece or for positioning the 
workpiece and the tool in relation to each other, and 
also an open-loop and/or closed-loop control device for 
activating axes, and which is characterized according 
to the invention in that there is provided at least one 
virtual axis, which can be parameterized as a guiding 
axis for other axes and then serves only for the 
synchronization of these other axes. 

[0015] In this way there is created an additional 

virtual axis, which itself does not activate any 
mechanical axis of the machine tool, but nevertheless 
is able to synchronize other axes. This can take place 
for instance by an only time-dependent polynomial, as 
follows 

to be precise without the thereby determined value 
Lvirt(t) being used for the direct activation of a 
mechanical axis of the machine tool. Rather, this is 
included somewhat as follows 

with a synchronizing effect in the formation of the 
position values actually used for the activation of the 
mechanical axes, Achsposi (here 3 axes, that is to say i 
= 1 to 3) . 

[0016] The provision of such a virtual axis 

consequently allows the formation of the axial 
positions for the activation of the mechanical axes to 



be kept completely independent of any actual movement 
of each axis of the machine tool, whereby it is 
therefore possible when changing the machine to be 
activated - within the limits of geometrical 
possibility - newly to form only the machine control 
parameters which serve for the activation of axes that 
are additionally present in the new machine. On the 
other hand, the machine control parameters for axes 
that are to be encountered before and after the change 
of the machine are retained. In the case of the 
aforementioned polynomials, this means for instance 
that the coefficients a±,j defining the path curve do 
not have to be newly formed for these axes. 

[0017] With respect to the term used here, the 

virtual axis, it should be noted with regard to the use 
of this term in the prior art that this is standard 
terminology to the extent that it concerns an axis 
formed only in the respective open-loop and/or closed- 
loop control device that is used, having no direct 
equivalent in the mechanical axes of the respective 
machine tool that are actually present. Differences 
from the prior art, for instance according to DE 42 91 
619 CI, exist here however to the extent that the 
virtual axis there (sometimes also referred to there as 
the soft axis) serves for the direct activation of 
actual mechanical axes, from which the virtual axis 
there is combined to a certain extent on a software 
basis. By contrast, the virtual axis in the sense of 
the present invention here does not serve for any 
actual activation of mechanical axes, in particular not 
for any software synthesis of additional axes finding 
an equivalent in the mechanical reality of the machine 
tool to be activated, but only for the synchronization 
of the activation of other axes. 

[0018] Accordingly, the success according to the 

invention is also achieved by a method of activating a 
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multiaxis machine tool according to the invention, a 
virtual axis initially being parameterized as a guiding 
axis for other axes, and then, during the operation of 
the machine for machining the workpiece, the other axes 
merely being synchronized in their positioning with the 
aid of this virtual guiding axis. 

[0019] The multiaxis machine tool according to the 

invention preferably has at least five activatable 
mechanical axes for the positioning of the workpiece 
and the tool in relation to each other, which permits 
the fabrication of rotationally symmetrical workpieces. 
If it is also desired to fabricate non-rotationally 
symmetrical workpieces, such as worms for instance, at 
least one additional axis is needed, provided for the 
pivoting of the workpiece and the grinding wheel with 
respect to each other in the horizontal, as still to be 
explained. 

[0020] In a particularly preferred way, the 

multiaxis machine tool according to the present 
invention is characterized in that a grinding wheel is 
provided as the tool and, as mechanical axes, at least 
one 

- positionable radial infeed axis, also designated by 
%, is provided for the grinding wheel, 

- a grinding slide which can be positioned 
horizontally and orthogonally in relation to the 
radial infeed axis, also designated by ^, is 
provided for the positioning of the grinding wheel 
in the direction of displacement of the grinding 
slide, 

- a positionable rotating axis, also designated by |3, 
of a clamping head is provided for the rotation of 
the workpiece in the workpiece holder, 
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- a positionable pivoting axis, also designated by t, 
is provided for the pivoting of the workpiece and 
the grinding wheel with respect to each other by 
means of a rotation of the grinding wheel axis or 
its parallel projection in the vertical plane, also 
designated by B, and 

- a rotating axis, also designated by co, is provided 
for the driving of the grinding wheel. 

[0021] A positionable displacing axis, also 
designated by 8, for the monitoring of a displacing 
position of the grinding wheel along the grinding wheel 
axis, may also be provided as a mechanical axis. 

[0022] The multiaxis machine tool according to the 

invention preferably also has a pivoting axis, also 
designated by a, as a mechanical axis for the pivoting 
of the workpiece and the grinding wheel with respect to 
each other by means of a rotation of the grinding wheel 
axis or its parallel projection in the horizontal 
plane, also designated by A, which also allows the 
already mentioned fabrication of non-rotationally 
symmetrical workpieces . 

[0023] As an alternative or in addition, this may 
also be achieved by a mechanical pivoting axis, also 
designated by , for the pivoting of the workpiece and 
the grinding wheel with respect to each other by means 
of a rotation of the workpiece axis or its parallel 
projection in the horizontal plane, also designated by 
A. 

[0024] Furthermore, a displacing axis, also 

designated by , may be provided as a mechanical axis, 
serving for the vertical displacement of the workpiece 
and the grinding wheel with respect to each other. 
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[0025] The virtual axis itself is formed 
particularly preferably by the open-loop and/or closed- 
loop control device by means of a freely selectable 
function or relation, which is dependent in a 
particularly preferred way on time and in one 
embodiment of the present invention only on time. 
However, it is equally possible to make the virtual 
axis not dependent on time but on other events or 
values - possibly also external events or values - for 
instance positions reached by external machines, such 
as robots. 

[0026] The embodiment of the present invention which 
forms the virtual axis by means of a freely selectable 
function or relation also has some special advantages: 

[0027] During the grinding of workpieces having a 

helicoidal generated surface, such as for instance spur 
gears (of a helicoidal surface which sometimes also has 
a zero pitch of the thread, namely in the case of 
straight teeth) , worms or rotors, it is frequently the 
case that a single non-virtual guiding axis is often 
not adequate here for the entire workpiece fabrication 
process, since its guiding movement often becomes too 
minimal, in view of the limited numerical accuracy in 
reality, to allow activating functions (or relations) 
with sufficient movement still to be calculated for the 
other axes in dependence on it. This becomes 

particularly clear for instance for the case where a 
grinding slide which can be positioned horizontally and 
orthogonally in relation to a radial infeed axis is 
used for instance as a guiding axis for the positioning 
of the grinding wheel in the displacing direction of 
the grinding slide, and then an edge running 
orthogonally in relation to the workpiece rotating axis 
is to be milled on the workpiece, for instance as a 
termination of a helicoidal generated surface, as 
occurs for instance in the case of workpieces which 



have a number of helicoidal surfaces that are separated 
from one another, for instance by round axial portions, 
or are at least different in terms of their geometry. 
(In this connection it should be stated that workpieces 
with such partial or portional helicoidal surfaces are 
regarded as workpieces having a helicoidal generated 
surface in the sense of the present invention.) In the 
aforementioned case this is so because the movement of 
the grinding slide comes completely to a standstill at 
the point of the perpendicular to the workpiece axis, 
and consequently can no longer serve as a guiding 
movement even without limited numerical resolution; the 
grinding slide is consequently unusable as a guiding 
axis at this point. It is therefore necessary to carry 
out a change of the guiding axis at such points, which 
makes standardized machine control parameters for 
different machine models all the more difficult, since 
then, in the case of a change of machine type, the 
difficulties already mentioned at the beginning of 
adaptation to the new machine sometimes occur for each 
guiding axis used. Moreover, it should be noted that 
such a change of axis also always leads to undesired 
fabrication marks on the workpiece to be created at the 
point of the workpiece where the change is performed, 
on account of the associated discontinuity of the 
activation of the axes. 

[0028] While the virtual axis according to the 

present invention can be formed by means of a freely 
selectable function or relation, this can take place in 
such a way that this virtual guiding axis meets 
requirements throughout the entire fabrication process 
without changing the guiding axis, since in this way 
any dependence of the guiding axis caused by the 
fabrication process can be avoided on account of the 
complete freedom in its choice. In this way, the 
present invention is advantageously also suitable for 
the case of operating only a single machine type that 
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comes into consideration, since in this case no 
problems of the type described at the beginning in 
respect of changing the guiding axis occur any longer 
when the freely selectable virtual axis according to 
the invention is used, and consequently no resultant 
defects occur any longer on the workpieces. If, on the 
other hand, the virtual guiding axis is chosen to be 
unchanging, process-related dependencies possibly 
cannot be ruled out, which may then lead to the already 
mentioned numerically unfavourably conditioned systems. 

[0029] As already explained in the example given 
above, a polynomial function comes into consideration 
in particular as the freely selectable function, but so 
too does for example a circular relation. A freely 
selectable relation may also similarly be defined by a 
table of values. 

[0030] The activation of the respective mechanical 
axis by the open-loop and/or closed-loop control device 
may also take place by means of a freely selectable 
function or relation, the respective mechanical axis 
preferably being dependent, as also already explained 
above, on the value of a virtually formed axis acting 
as a guiding axis, in order in this way to achieve the 
synchronization of the axial positions with respect to 
one another. 

[0031] Of course, the respective axis may in this 
case also be made dependent on the value of further 
parameters, for instance for the activation of the 
desired positional values. As already explained, a 
polynomial function, which is also dependent on the 
value of one of the virtual axes and polynomial 
coefficients, may serve in this case as the freely 
selectable function . 
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[0032] However, similarly suitable as the freely 
selectable relation for the respective mechanical axis 
is a circular relation, which is dependent on the value 
of one of the virtual axes and circle constants, 
preferably a circle radius and a centre point, given by 
a pair of coordinates, and also a direction of 
rotation . 

[0033] The same applies to the activation of the 
respective mechanical axis, which takes place by the 
open-loop and/or closed-loop control device by means of 
a freely selectable relation which is given by a table 
of coordinates, and similarly for all other functions 
and/or relations that appear to be suitable for 
achieving the desired workpiece geometry. 

[0034] In the case of use of a relation formed by a 

table of coordinates, this is preferably formed by an X 
coordinate, a Y coordinate and a normal angle, 
preferably as viewed in end-on section. 

[0035] In a further preferred embodiment according 

to the present invention, the multiaxis machine tool is 
characterized in that a memory is also provided, stored 
in which are machine control parameters which are 
accessed by the open-loop and/or closed-loop control 
device, which permits flexible realization of the 
present invention by a computer control system. 

[0036] This is so because a data structure which 

allows the parameterization of the virtual axis as a 
guiding axis for other axes can be provided in this 
memory, it also being possible that here there is a 
data structure which also allows the parameterization 
of any mechanical axis as a guiding axis for other 
axes, for instance to allow older machine control 
parameters that are not yet adjusted to the computer 
control system according to the invention to be used. 
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[0037] The definition of the function or relation 
for the formation of the virtual axis and also the 
definition of the function or relation for the 
activation of the respective mechanical axis by the 
open-loop and/or closed-loop control device can also be 
flexibly stored in the memory. 

[0038] In this case, data fields may serve for the 

identification of predefined types of function or types 
of relation, used for the definition of a function or 
relation of the respective mechanical axis. Such a 
predef inition of frequently used types of function 
and/or relation makes it easier here for the definition 
to be stored in the memory. Preferably coming into 
consideration as types of function predefined in such a 
way are for instance a polynomial function, for 
instance of the sixth degree, with polynomial 
coefficients as parameters, or else once again a 
circular relation with a circle radius and a centre 
point, given by a pair of coordinates, and a direction 
of rotation as parameters. Similarly, however, a table 
of coordinates with coordinates as parameters may be 
predefined as a type of relation, an X coordinate, a Y 
coordinate and a normal angle, preferably as viewed in 
end-on section, preferably being used in each case as 
coordinates . 

[0039] In a further preferred embodiment of a 

multiaxis machine tool according to the present 
invention, in the memory in which the machine control 
parameters accessed by the open-loop and/or closed-loop 
control device are stored there is a data structure 
which is intended for receiving an identification of 
the workpiece flank being machined by the activation of 
the respective mechanical axis by the open-loop and/or 
closed-loop control device, preferably an 

identification for a flank on the right or on the left. 
This parameter is required by the machine in the case 
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of non-symmetrically formed grinding wheels, such as 
for instance for the fabrication of worms, in order to 
move to the respective flank with the correct side of 
the tool. This control parameter also permits open- 
loop or closed-loop control of the force in a way 
corresponding to the respective flank. 

[0040] In the memory in which machine control 

parameters accessed by the open-loop and/or closed-loop 
control device are stored there is also a data 
structure which combines at least one group of machine 
control parameters corresponding to a partial region of 
the workpiece, as a segment under a common segment 
identification, preferably a segment number, it being 
preferred that such a group of machine control 
parameters for which the same axis is parameterized as 
the guiding axis are always combined as a segment. 

[0041] The structuring of the machine control 

parameters into segments makes it possible to replicate 
a segmentation of the workpiece that exists in reality 
also in the structuring of the machine control 
parameters, which improves their overall clarity and 
consequently also the possibility of their assignment 
to the first cuts made on workpieces. 

[0042] The embodiments described above of a 

multiaxis machine tool according to the invention with 
a memory consequently serve for the replication in this 
memory of machine control parameters which initiate 
during the operation of the machine machine functions 
for workpiece fabrication. However, this can take 
place not only by storage in the memory of the machine, 
but also by reading in a data carrier provided with 
corresponding machine control parameters, such as for 
instance a floppy disc, a CD or else a DVD, or else by 
reading an electronic carrier signal with these machine 
control parameters into the multiaxis machine tool 
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according to the invention, for instance via a data 
line, as preferably also used in a data network. Such 
a data carrier or such a data carrier signal is in this 
case constructed in a way corresponding to the present 
invention for reading the data constructed according to 
the invention as described above into the multiaxis 
machine tool according to the invention for controlling 
the latter in a way corresponding to the present 
invention . 

[0043] In every case, such a data carrier or such an 

electronic carrier signal is parameterized according to 
the invention with machine control parameters for 
reading into a multiaxis machine tool, the data carrier 
or the electronic carrier signal having on it at least 
one data structure which has a data field which allows 
the parameterization of the virtual axis as a guiding 
axis for other axes, and the data carrier or the 
electronic carrier signal activating the machine tool 
during the reading-in or after the reading-in by means 
of this data structure on the basis of the method 
according to the invention stated above. 

[0044] Also serving for carrying out the present 
invention is a method of generating machine control 
parameters for a multiaxis machine tool which is 
characterized according to the invention in that it 
generates a data carrier or an electronic carrier 
signal with machine control parameters as described 
above. It goes without saying that this method may 
also be realized on a computer system with at least one 
data processing unit and at least one memory, usually 
for instance as a computer program, it having the 
corresponding instructions set up for carrying out the 
method. Such a computer program may in this case take 
any form, but in particular also that of a computer 
program product on a computer-readable medium, such as 
for instance a floppy disc, CD or DVD, it having 



computer program coding means, with which, after 
loading the computer program, a computer is in each 
case made by the program to carry out the method 
according to the invention. It may, however, also be 
for instance in the form of a computer program product 
which has a computer program on an electronic carrier 
signal, with which, after loading the computer program, 
a computer is in each case made by the program to carry 
out the method according to the invention. 

[0045] The different individual elements of the 

present invention described above, seen in their 
entirety, can provide a neutral data computer control 
system for a multiaxis machine tool for producing 
workpieces having a helicoidal generated surface with 

- a computer system according to the invention for 
generating machine control parameters for a 
multiaxis machine tool with at least one data 
processing unit and at least one memory, the data 
processing unit being set up in programming terms 
in such a way that it generates at least one data 
carrier or an electronic carrier signal with 
machine control parameters according to the present 
invention, or 

- such a computer program or computer program 
product, 

- and at least one multiaxis machine tool according 
to the invention . 

[0046] Further details of such a system according to 

the present invention can be taken from the exemplary 
embodiments . 

[0047] Exemplary embodiments of the present 

invention, which are to be understood as non- 
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restrictive, are discussed below on the basis of the 
drawing, in which: 

[0048] Figure 1 shows a neutral data computer 

control system according to the invention for a 
multiaxis machine tool for producing workpieces having 
a helicoidal generated surface, 

[0049] Figure 2 shows an abstract model of a 

multiaxis machine tool according to the invention for 
producing workpieces having a helicoidal generated 
surface with diverse mechanical axes, and 

[0050] Figure 3 shows a workpiece having a 

helicoidal generated surface for being produced on a 
multiaxis machine tool according to the invention. 

[0051] Figure 1 shows a neutral data computer 

control system according to the invention for a 
multiaxis machine tool for producing workpieces having 
a helicoidal generated surface, to be precise 

with 

- a computer system 1 according to the invention for 
generating machine control parameters for a 
multiaxis machine tool 2, 2a with at least one data 
processing unit and at least one memory, the data 
processing unit being set up in programming terms 
in such a way that it generates here in a data 
network an electronic carrier signal 3 with machine 
control parameters according to the present 
invention, 

- and a first multiaxis machine tool 2 according to 
the invention and a second such machine tool 2a. 



- 19 - 

[0052] In the present case, the situation is 

therefore such that the first machine 2 has (along with 
other axes) a mechanical pivoting axis or for the 
pivoting of the workpiece and the grinding wheel with 
respect to each other by means of a rotation of the 
grinding wheel axis or its parallel projection in the 
horizontal plane A; a possibility which the second 
machine 2a does not have. However, the latter does 
have a pivoting axis y for the pivoting of the 
workpiece and the grinding wheel with respect to each 
other by means of a rotation of the workpiece axis or 
its parallel projection in the horizontal plane A. In 
the present neutral data computer system, it is thus 
easily possible to use machine control parameters 
generated by the computer system 1 for the first 
machine 2 according to the invention also for the 
second machine tool 2a according to the invention if 
the generated machine control parameters make use of a 
virtual guiding axis according to the present 
invention. Both machines 2, 2a have a virtual guiding 
axis, so that, when there is a change of machine from 
the first machine 2 to the second machine 2a, only the 
machine control parameters for the pivoting axis y 
instead of the pivoting axis a have to be formed. All 
the other machine control parameters, on the other 
hand, can be retained, since they are coupled by the 
virtual guiding axis. 

[0053] Figure 2 shows an abstract model (covering 

various actual conf igurational possibilities) of a 
multiaxis machine tool according to the invention for 
producing workpieces having a helicoidal generated 
surface with diverse mechanical axes, to be precise 
with 

- a positionable radial infeed axis % for the 
grinding wheel, 
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a grinding slide ^ which can be positioned 
horizontally and orthogonally in relation to the 
radial infeed axis, for the positioning of the 
grinding wheel in the direction of displacement of 
the grinding slide, 

a positionable rotating axis p of a clamping head 
for the rotation of the workpiece in the workpiece 
holder, 

a positionable pivoting axis x for the pivoting of 
the workpiece and the grinding wheel with respect 
to each other by means of a rotation of the 
grinding wheel axis or its parallel projection in 
the vertical plane B, 

a rotating axis co for the driving of the grinding 
wheel, 

a positionable displacing axis 6 for the monitoring 
of a displacing position of the grinding wheel 
along the grinding wheel axis, 

a pivoting axis or for the pivoting of the workpiece 
and the grinding wheel with respect to each other 
by means of a rotation of the grinding wheel axis 
or its parallel projection in the horizontal plane 
A, 

a displacing axis r\ for the vertical displacement 
of the workpiece and the grinding wheel with 
respect to each other, and 

a pivoting axis y for the pivoting of the workpiece 
and the grinding wheel with respect to each other 
by means of a rotation of the workpiece axis or its 
parallel projection in the horizontal plane A 
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for better illustration of the geometrical 
relationships taken as a reference. 

[0054] Figure 3 shows a workpiece having a 

helicoidal generated surface for being produced on a 
multiaxis machine tool according to the invention, with 
9 different segments. With reference to the abstract 
model illustrated in Figure 2, the machine control 
parameters are to be specified below in a way 
corresponding to the present invention by way of 
example for the segment 8, a conical kneading element 
Seg. 8, the virtual guiding axis being designated here 
by k: 
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Table 1: Segment 008: 2nd conical kneading element 
Process: roughing 



[0055] To explain such a table (not all the options 

are used above in Table 1) , which reproduces an 
embodiment of the functional data structures according 
to the present invention: 

Column 1: Designation of axis 

Column 2 : Unit 

Column 3: Segment number = code letter for the 

type of neutral data (to be precise C 
for circle, P for polygon [of the 6th 
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degree] , K for coordinates [points] of a 
table of coordinates) and code letter 
for which flank (R for right flank; L 
for left flank; B for both flanks) 

Other columns: Table values with Xstart and X En d as range 

limits and the values for parameters A, 
B, C, D, E, F and G (in the case of a 
polygon) , R, A, B, C (in the case of a 
circle) and A, B, C (in the case of a 
table of coordinates) with respect to 
the relations and/or functions on the 
basis of the following: 

Circle [C as code letter] : 

with the value in column R as radius, C as direction of 
rotation, with -1 indicating the clockwise direction of 
rotation (cw) and the value +1 indicating the 
counterclockwise direction of rotation (ccw) 

polynomial [P as code letter] : Y = A + B-x + C-x 2 + D-x 3 + 
E-x 4 + F-x 5 + G-x 6 

coordinates (points) of a table of coordinates [K as 
code letter] : 



value in column A: X coordinate, 
coordinate, value in column C: 
stored in end-on section 



value in column B: Y 
normal angle, always 
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Examples : 
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X fraraj 001 = PB 
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